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TECHNICAL PROGRESS REPORT NO. 11 

Pittsburgh Atm-vipheric Sciences Institute 

Physics and Chemistry Departments 

University of Pittsburgh 

Pittsburgh, Pennsylvania 

I.  Summary of Research 

The following research projects are identilled by title, 

senior investigator(s) in charge of the work, and task designations) 

in the ARPA work statement. This summary only  overs advances during th« 

period since our last progress report (dated April 20, 1971). 

A-  Liboratory Studies 

1 a. Radiative Properties of Simple Molecules for Optical Discriinlnation 
Studies (P. Kauftnan) (Tasks a and d). 

A large number of experiments were performed with modulated or steady 

excltatioa of S0o to its excited singlet { !B,) at incident wavelengths 

o o 
of ?800,  2900,  3000,   3100,  and  31T0A, at about 25A full width at half 

maxiiroir      Lifetimes  and quenching constants ware measured at SO- 

pressures   from 0.5   to about  30 railiitorr which permits  extrapoiation 

to  ^..»ro pressure and determination  of  th«   radiative   lifetime.     The 

radiative lifetime appears  to decrease  from more than 100   psec 
o o 

at  2800A  to about  25   usec  at   JITOA excitation.     Neither the  1/T VS. 

p plots nor the p/I vs.  p  fStem-Volmer)  plots are  linear,  indicating 

that both vibrational and electronic energy transfer processes are 

occurring and that possibly more than one electronically excited 

atate may be  populated in  the  Initial absorption process.     This  would 

De  in some conflict with the presently available spectroscopic 



Information and will be checked carefully. From the slopes of the 

1/t  vs. p plots it appears that quenching processes are very 

efficient, nearly gas kinetic, and that stepwlse ^ibratloual relaxation 

in the electronically excited state is important, as had been found 

earlier to be the case for NOp. 

lb. Radiative Properties of Simple Atoms and Molecules for Optical 
Discrimination Studies (E. C. z'ipf) (Tasks a and d). 

Substantial progress has been made during this report period on 

several electron scattering experiments  These results are summarized 

below. The Werner band measurements are particularly important be- 

cause they permit the molecular branching-ratio technique to be nsed 

o 
in absolute VUV calibration work at wavelengths as short as 1100A. 

A paper describing this work has been submitted to The Physical Review. 

In this paper we also describe the first successful observation of 

a rotational-intensity perturbation predicted on quantum mechanical 

grounds by Julienne. We have continued with our studies of electron 

impact on rerctive atomic species such as N and 0 and w» have been 

able to evaluate the importance of atoclc nitrogen as a source of 

airglow and auroral emission features. We have also made a detailed 

study of electron-impact excitation of NO. These btudies were prompted 

'.;/ our auroral mass spectromet^r observations and a paper describing 

this werk has been submitted to the Journal of Chemical Physics. 

(a) Electron Impact Excitation of the Werner Bands of H_. 

The Werner band system of molecular hydrogen (C'n -» x'j; *) 
u    g ' 

was excited by electron impact on H0 and studied in the 

o      o 
wavelength region 1100A - 1250A with sufficient instru- 

mental resolution to resolve much of the rotational 



■tructurt of the bands. The absolute cross section for 

the excitation of the Ql line of each of the prwinent 

bands in this wavelength region vas detendned. The 

absolute spectral sensitivity of the apparatus vas deter- 

alned by observing the dissociative excitation of I^aan- 

Alpha in H. and Lyaan-band fluorescence in HD. It vas 

found that the Werner bands are a satisfactory basis for 

a spectral sensitivity determination only if the Intensity 

■sasureaents are aade vith sufficient resolution (FUHM s O.Ul»), 

The perturbation interaction betveen the B and C states of 

the hydrogen nolecule vas clearly observed in the rotational 

intensity distribution in one set of bands} these results 

vill be discussed in detail. 

(b) Electron Inpact Excitation of Atoalc Nitrogen. The absolute 

cross sections for the excitation of five El vaeuua-ultra« 

violet multiple -« by electron impact on atosdc nitrogen were 

measured from threshold to 330 eV. The following results 

were obtained: 

Multiplets X(A) 

Nl(3i2P - 2p32P) 17U3 

HI(3s2D * 2p3 2D) 12l»3 

NlOs^P * 2p3,*S) 1200 

HI(3d2D ■► 2p32D) 116J» 

HI(ip^ '»P^p1 "S) 1131» 

The use of VUV absorption techniques to measure the absolute 

nitrogen density provided an opportunity to msasure the 

oscillator strength of the NI(2p<* '•P - 2p3',S) transition. 

e     e 
The branching ratio for the Nl( All61»A/Al311A) multiplets 

Q(max; c^) Ed MX; eV) 

1.8 x 10(-17) 17 

1.7 x 10(-17) 17 

5.5 x 10(-l6) 25 

1».0 x 10(-17) 18 

It.8 x 10(-16) 22 



vaa also tet«nd.n«d. fh«M rvsults viU bt dlseuaMd 

in detail, 

(e) Elcetron-Iapaet Excitation of Atoaie litrogtn ia tho 

Torraatrlal Airglov. Tho dbaoluto erooa aoctiona for 

tho «xeitation of II tronaitiena ia tha vaeuua ultra- 

Tiolat dua to tha iapaet of lov-anargy alactrona en 

atoalc nitroftn hava baaa ataaarad la tha laboratoiy. 

Tha eroat •aetlona for tha raaoaaaea tmaitiona at 

113U «ad 1200A art quita lar«c [Q(MX) ^ 5 X 10~l6eat2l 

vhila tha axeltatlon eroao aaetiooa for other II traaaitiooa 

in tha VUV ara coaparatiTtly •■all. Hhaa tha äbaoluta eroaa 

aaetiona for tha direct axeitaticn of I ara eoaparad with 

tha eorraapoBding eroaa aaetiona for diaaoeiative excitation 

of I-» atrikiat difftrencea ia ehepe end na^itude ara found 

to exiat. In principal, theac differeneaa pernit one to 

eetinate the denaity of atonic nitrogen in the upper afe- 

■oaphere fron an exanination of VUV apectra obtained by 

•atellitee end Bounding rockete. All data pvbliahed vp 

to the preaent indicate that the cbeerved II eniaaiona in 

the day airglov and aurora are predoninantly aolecular 

in origin, end /iaply very lew atonic nitrogen denaitiee 

above iko kn. 

(d) Electron-Inpact Excitation of litric Oxide. The ebeolute 

eroaa aectiena for the excitation of the 10 Beer-Nleacher 

baada (A^ ♦ Xll*)% two nitric oxide 8* banda (8* 
2Ai* X?nr), 

and aeveral atonic nitrogen nultipleta in the vacuun ultra- 

Tiolet by electron iapaet on 10 have been neaaured over an 



energy range extending froa threshold to 300 eV. The 

TarlatioB of the dipole transition aoasnt for the 10 

(A1!^ ♦ Xl£ *) band systea was also detenined. 

2.  Clean Air Cheaistry and Cheailuainesoence (F. Ksaftwo) (Tasks a and d), 

(a) In order to obtain strictly eoaparable values for the 0 + 10 

radiative rate constant as function of pressure and wavelength t the 

01 resonance light source (He plus trace 0. discharge) and detector 

(NO photoionisation) were extensively calibrated by producing known 

concentrations of 0 in the flow tube froa excess 9 with a saall, 

asasured flow of added SO and coaparing the experiaentally observed 

absorption with a coaputer calculation. In this calculation Dopplsr- 

shaped lines of the eaitted triplex, whose intensity ratios range 

froa 5:3:1 for negligible optical depth in the source to lower ratios 

consirtent with any given optical depth» are absorbed by the three 

J-states of atoaic oxygen in theraal aquilibriua in the large flov 

tube. In this ■anner, a given O-concentration (asasured by N ♦ HO) 

end atasured light absorption (integrated over the triplet) uniquely 

deterainea the extent of source "broadening", i.e. the 0-concentration 

in the source. It is this latter paraaeter which is quite variable 

«rd aliuoat iapossible to set experiaentally with any degree of 

reliability, probably because of slight oxygen evolution froa the glass 

wells in the discharge region. The problea is thus subverted by 

calibrating the light source/absorption systea iaatdiately before and 

after each experiaent in the sbove aanner. An extensiv«, new series 

of radiative rate constant atasureaents at pressures froa 0.5 to 100 
e 

aillitorr and wavelengths froa U000 to 7800A were carried out, and 

were properly corrected for source broadening. They show the predicted 



dtcremse of the pMudo-biaoleeular rate eonstaat, I0 froa the hi^ier 
hi ah 

to the lover pressures, end they also show that the ratio I0 
v I 

I lciv decreases sharply froa shout 6 at end above 6000A to shout 1.5 
o 

at 1»0$0A. This arises froa the fact that 1»050A is close to the high 
e 

energy threshold of the cheailusinescenee (~3975A) so that virtually 

every collision which results in SOM vibrational relaxation (and 

these occur with roughly gas-kinetic cross section) reaoves the eaittiag 

HO. «i.e. the enitters at the wavelength are oainly unstebilised 

collision coaplexes, whereas at longer wavelengths they include 
s ■sny, partially vibrationally relaxed HO. aolecules. The recent 

experiasnts bear out vsry nicely the correctness of our general 

asehaaisa. Hiss Cody has coapleted all necessary experiasnts and aost 

of her Ph.D. dissertation which she is expected to defend within one 

to two aonths. 

(b) The coapleted experiasntal study of the iaportent 0 ♦ 0. -» 20. 

reaction was fully analysed end written up as a Ph.D. dissertation 

by Mr. MeCruäb. The best least squares coaputer fit to all data 

points froa 296 to i»09oK gave en Arrhenius expression of 1.78 x 10* 
3  —1 exp (-U.U6keal/Rr) ea sec , slightly different froa the earlier 

expression which was based on a graphical fit. Mr. NeCruab successfully 

passed his Ph.D. final exaaination and is now preparing a condensed 

version of his work for publication in the Journal of Cheaical Physics. 

The flow apparatus has been substantially aodified by 

Dr. J. 0. Anderson for the study of OH reactions of stratospheric and 

assospheric iaportance such as OH ♦ 0., OH •♦• HO. ♦ M, OH ♦ HO ♦ M, etc. 

This is aceoaplished by placing a fixed fluorescence cell downstreaa 

of the heated or cooled reaction section and adding the stable reactant 



(NO or 0.) through a aovable inlet tub«. Execlltnt ••nsitiTlty 

and dynaaie range hare been achieved for the OH density aeaeureaent« 

and the desired reaction rate« viU toon be asasured. 

3.  Enerny Partitioning In Mttal Atom Cheai-Baceitation (M.A. Biondi and 
Pj. KauflMn)  "^^-^ 

A new esperiaental aystea was designed and built for the 

study of the tranalational energy release in sodiua atoa excitation 

reactions by aeans of line sh^pe studies using a Pabry-Perot inter- 

feroaater. Much difficulty vas encountered with a coaisrcial, pieso- 

electrle scanning interferoaster which did not «eet specifications 

In various ways and several of whose eoaponents had to be returned for 

repair or replaceasnt. An overall finesse of 30 to 2$ was finally 

obtained with good reprodueibility, but the stability and drift prob- 

lem is not yet fully under control. Experiasnts could be perforaed 

successfully for two systeas» Ha ♦ Gig and Ha ♦ "active nitrogen14. 

The latter is the aore ixportant, because it has direct bearing on the 

question of energy transfer froa vibrationally excited H- to Ha. It is 

nlso experiaentally essier to study, since sufficiently bright light 

•iriaslon is observed at Ha teoperatures as low as x80oC (where the 

optical depths is reasonably low) whereas the Ha ♦ Cl- glow is until 

now observed only above about 280oC. A coaputer prograa was developed 

which generates Doppler-shaped Ha line profiles (including hyperfine 

structure) as function of teaperature, and folds in the desired exper- 

iaental finesse. Preliainary results for the Ha ♦ H systea indicate a 

noraal (unreversed) line-shape end a relatively low tranalational 

tenperature (< 1000eK). It has not yet been deterained whether the 

excitation is due to H-atoas, i.e. to the highly excited H. species 



tormi «arly in th« neo^lnatloa, or to ij fro« th« diieharge 

«t BOX« aodirat« «xeltatiaa «MrgiM (-2 «V. a««r V-8 or 9). The 

I- disehargt flov lino hM • tltratlon inlet upstrew of the eaission 

cell» end in future esperinents it will be possible to edd "titrsnt" 

species such as 10, which reaoves I end produces K* , or COg, vhieh 

relaxes Hi but does not react with I, in order to clarify the pre- 

cursor species in this enerar trensftr. 

k.     ■•utMl-Meiitral Mssctiens ^ Crosssd Besas iW.L. Fits) (Tssks a sad d). 

The crossed beaa studies of the reaction Ba ♦ Og hss 

proceeded veil during the pest six aonths. Signal quality has iaprored 

and a vsiy satisfactory curve of sngular distribution of BsO hta 

kt last been obtained. Bstiastes of the reaction cross section hare 

-16 2 
increased sli^tly, to a fair tiaes 10  on . Phase spectroaetry 

MosureaentSt used to dstendne the asen velocity of the reaction 

products have been confusing. Althou^i the data sppears ressonsbly 

satisfactory» ve have not been able to reconcile in detail the data 

with eny of the standard siaple aodels of the reaction dynaaies. Of 

particular concern is the fact that at sons laboratory sngles» the 

signal phases as a function of Modulation frequency sugiost that the 

reaction products eaitted trsasversely to the line of centers of the 

reactanta in eenter-of-aass coordinates have a total kinetic energy 

of about 0.3 eV (therefore» leaving about 0.3 eV in internal energy 

in the BaO), but that at other angles the division of energy between 

kinetic end internal energy chongaa. 

Variation of temperature of the Ba did not reveal discernible 

changes in apparent rate coefficients» which peraita the eatiaate 

that croaa section for the triplet Bariua aetaatable atoa'a reaction 



cross section is not »ore than about on« order of asgnitudt greater 

than the groundstate Bariua atoa's. 

Attenpts are currently being aade to obtain a better 

absolute value for the groundstate atoa's reaction cross section. 

3.  Processes InTolving Mstastable Species (B.C. Zipf) (Tasks c and d). 

We have continued with our studies of argon atom in the 

aetastable Ar(3P. «) state with special enphasis on airglov and auroral 

applications.  This vork has yielded a nuniber of interesting results 

which are suanariced below: 

(a) Collisional Deactlvation of Metastable Ar(3Pn -) Atow 

and VAkh    )  Noleculei. In a series of afterglow 

experlaents, we atasured the rate coefficients for the 

collisional depopulation of argon atoms in the 

metastable 3P0 « state by Ar, CO, N., and 0«, and we 

found that k(Ar) - 2,2 x 10(-15) caVsec, k(C0) - 

1.5 x 10(-11) cm3/sec, k(N2) ■ 2.8 x 10(-ll) ca3/sec, 

and k(02) ■ 1.2 x 10(-10) cmVsec. Inelastic collisions 

between aetastable argon atons, resulting in the lon- 

ization of one collision partner, were also observed 

and from simultaneous electron density measurements we 

obtained a tentative value of 5 x 10(-10) cmVsec 

for the corresponding rate coefficient. The excitation 

of the 2nd Positive System of N0(C
3n. + B3n ) , produced c U g 

by the depopulation of metastable argon atoms by N.» VM 

studied in detail and the specific rate coefficient for 

this important process was found to have a value of 

1.2 x 10(-13) cm3/sec.   The collisional deactlvation of 



10 

aetutable ^(A3!^) aoleeulM by CO, Og. and Ar 

VM alto studied, «ad the following rate coefficients 

were obtained:    k(C0) ■ 1.7 x 10(-12) eaVsec, 

k(02) - 3.0 x 10(-12} oaVsee, and k(Ar) < 8 x 10(-17) 

caVsec. 

6.      Ion Molecule Reactions and Excitation Processes in a Fast Floir Syste« 
TFT KaufiaanT   (Tasks ä and bTT" 

The studies of water cluster formation rates of NO   and 

0» were successfully concluded.    In the NO   work the aschanisa 

involves the steps 

NO* ♦ H20 ♦ M i NO* . HgO ♦ M 

NO    . HgO ♦ HgO ♦ M j NO    . 2H20 ♦ M 
-2 

♦ 3       4 
NO    , 2HgO ♦ HgO ♦ M * NO    . 3HgO ♦ M 

-3 

♦ * ♦ 
NO . 3HgO ♦ HgO * H30 . 2HgO ♦ HONO 

all of which were atasured directly and/or by consistent cooputer fit 

for four M, He, Ar, Og and Ng, i.e. a total of 21 rate constants 

were obtained, since kr does not involve M and should therefore be 

identical for all N within the error bars of the data. This was 

found to be the case. A paper describing this work was subaitted to 

and accepted by the Journal of Cheaical Physics. 

The Og clustering sequence was studied in M ■ He, Ar, 

and Ng. It consists of the steps 

4        l  + 
Og ♦ HgO ♦ M ■► Og . HgO ♦ M 
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02* . H20 ♦ H20 |J H30* . OH ♦ 02 

HJ)* ♦ OH ♦ 02 

with additional routes to font 0« . H20 in th« prtMne« of auch 

02 or »2 ria 

or 

02* ♦ 02 ♦ M * 0k* ♦ N 
-3 

V ♦ H20 * Q2    '  V * 02 

02**i ♦MjO^ . H24M 
*    -5 " 

02* . H2 ♦ H20 ♦ 0* .  H20 ♦ I2 . 

Those latter steps lead to an inverse dependence of the apparent 

pseudo-first-order rate constant for 02 decegr on the concentration 

of added Ho0. This nsket possible the indirect nsasureasnt of ymry 
02     H2 

slo. reaction rate ccnst«»ts such a. k3  «d k5  vhiCh «ere f^oad 

to be 2.5 x ID"30 and 6 x 10~31cB6/sec, respectively. Consistent 

cooputer fits to the above reaction sehene were afain obtained. 

A publication describing this work is in preparation. 

7.  Beactions of Mstal Atcas with lone in MametioaHy Ccnfined 90* 
Plasnas (W.L. FiteTlTasks b and JT. » 

Progreaa in this experinent has been relatively elicit 

during the past six aonths since during this period the graduate 

student (L. N. Clendenning) was writing his thesis bated on this 

experinent. It did becoai apparent during the course of his thesis 

writing, that the slight inhoaogeneities in the mvietic confining 



12 

flsld intrediao* eaasidtitbl« e<»q>lic«tions Into th« «aalytit of 

«•suits thstt Issd to dbsoluts cross ssetions. Rsthsr thsn sttospt 

to so through ths dstsllsd snslysis, the results of which would 

cdMsgrs contain considsrsbls uaccrtsintiss, it was dscidsd to alter 

the apparatus in such a wsgr as to reduce the aacnetic field in- 

hoaoisneities and aade the analysis required aore siapls. This work 

has been going on since Mr. Clendenning left. 

Interestingly enough, the field inhoaogeneities work in 

such a wsgr as to bias the results for the ratio of ion-atooi reaction 

to charge trsnsftr reaction in the positive direction, i.e., detection 

of ion atoa reaction is «ore sensitively done than detection of 

chares trsnsftr. This iaplies that our previous stateaents that 

chares trsnsftr strongly dotdnates over ion-atoa reaction can be 

even aere strongly. 

8.  lon-ltaleeule Beactions at »levated Teaperature (M.A. Biondi) 
(Tasks b and" jT 

The drift tube asasureasnts of the reaction 

Ü* ♦ o2 ♦ Ü0* ♦ 0 

have been coapleted. A rate constant of 8.5 x 10" 0 ea3/sec has been 

found at theraal energy (300#K) decreasing to 7 x 10*  caVsec 

at a aesn kinetic ion energy of 11 eV (in leb fraat). The experiaental 

uncertainty of these rate constants is estiaated to be about i 201. 

The corresponding reaction of U with nitrogen has also been 

investigated. Ho reaction is observed to occur in the energy renge 

froa theraal to 11 eV indicating that this (endotheraic) reaction is 

probably veiy slow (less than 10 * caVsec). 

In the course of the uraniua experiatnts it was discovered 
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that soae neutral urioiuB vapor diffused fro» th« ion •ourea into 

the drift tube. While this vss of little consequence for the reaction 

rate acasureaents f this effect also provided a slaple vsy to test if 

a reaction of neutral urenlua vith 02 would produce ursniua oxlds in 

ionised form, as sxiggeated hy scat investigators. The fact that no 

Ionised products were observed when the ion source was biased such 

that no ions could enter the drift cell it a strong indication that a 

reaction of neutral uronlua with 0- is not likely to result in ionised 

products. The results of the ureniust esperiatnts were presented by 

R. Johnsen at the 24th Gaseous Electronics Conference. 

The evaporative ion source developed for ursniua ions is 

also found to be suitable for production of aluainus ions when the 

urenlua astal is replaced by alualnua. The reaction of alualnua ions 

with 02 

Al*" ♦ 0o -^ AlO* ♦ 0, '2 

is endotheraic by «bout 3.5 eV end cannot be expected to occur at 

energies available in a drift tube experlaent. In agreesai>t with this 

expectation, no reaction products from Al were found when 0* was sd- 

sdtted to the drift cell. 

A recurring problea in interpreting drift tube data is that 

of specifying the drifting ions' velocity distribution. Without this 

knowledge the conversion of the aoasured rate constants to the acre 

basic reaction cross sections is not possible. Since very little 

progress has been aade in the theory of ion energy distributions in the 

last twenty years (following 0. R. Wannier's contribution) we have 

decided to Investigate the problea experiaentally. To study the 

feasibility of eaploying a retarding potential technique, we have placed 



Ik 

a flat grid b«tw««n th« drift tube's «xlt orifie« and the muu 

•peetroaster and han taken a number of retarding potential curves 

at Tarious values of E/p and for a nuafcer of Ions vlth different 

■asaes (He , 0 t 0. ( and Xs ). The results are in qualitative 

accord vlth our expectations. Gross features such as the shift in 

the Man energy and the increasing width of the distributions with 

increasing E/p can be read easily froa the retarding potential curves. 

However» a «ore careful design of the retarding electrodes to avoid 

problem with contact potentials will be needed before this technique 

can be used to provide quantitative data on ion energy distributions. 

A aeans of experiaentally determining velocity distributions should be 

of particularly great value in eases that are theoretically difficult 

to treat such as the drift of aoleeular ioaa in aolecular gases, 

including the offset of inelastic collisions and related effects at 

very high valuea of E/p. 

9.  Afteraloe Studies of the Population of Eaclted Atoaic and Molecular 
States by Vibratiooal Energy Trensfsr 7E7C. Zipf) (TaslTd). 

Our efforts in this area have been directed into two channels: 

(1) Msaaureaents of the absolute cross sections for the excitation 

w—rous airglov and auroral eaission features due to electron iapact 

on vibrationally excited 0- and II.. These experiasnts are inportant 

in our auroral work and central to the aagMtic-cuap rocket experiaenta 

(see itea Ik)  that we will launch froa Greenland. (2) We have been 

studying the process 

which has been proposed by Walker to explain the anoaalous excitation 

of the ^ state in the auroral tone and we have obtained preliainary 
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evidence vhieh supports Walker's contention that this process 

proceeds very rspidly (k ~ 10~  caVsec). 

10. Tias of Flirtt Ejtperiasnts (E.G. Zipf) (Tasks b end d). 

Ve have continued to investigate the properties of aetastable 

atoas and aoleeules and Rjrdberg States using translational-energjr 

spectroaconr* These studies lead to cross section values for the 

basic collision processes• to the identification and location (in 

absolute energf as a function of the internuclear separation) of 

hitherto unknown aolecular states* to the evaluation of radiative 

lifstiaes, to the deteraination of the Anger ^-coefficient for a 

variety of detector surfaces (at rooa and elevated teaperature), 

and to the aeasureasnt of quenching coefficients for excited states 

at relative i^aet velocities (effective teaperatures) not observable 

in conventional aany-body ejqpeiiasnts. The latter studies are 

particularly interesting in the light of our in situ auroral studies. 

Soas of our current results and their iaplications are sunaarised belov: 

(a) Translational Spectroseopy of Past Mttastable Freg- 

asnts Produced by Electron Inpact Dissociation of 

Ataospheric Oases. Ataospheric gases (O.» H.( CO, 

CO.) have been boabardev by a pulsed electron beaa 

in the 0 - 300 eV energjr range and the resulting 

aetastable fragnents were detected by aeans of Auger 

ejection of secondary electrons froa a aetal surface 

in a tiae of flight experiment. The velocities of the 

dissociatively excited fragaents were found to be non- 

therasl, with soas fragasnts having as auch as 10 eV 

in kinetic energjr. Cross sections for the production 
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of •lov (0.1 - 0.3 «V) fraswiiti rapidly reached their wudmm 

values In the 20 - 30 eV region and fell off slowly out to 

300 eV whereas the cross sections for the production of fast 

(l - 10 eV) fragpwnts rose steadily fro« threshold to a peak 

around 100 eV and then fell off. These cross sections are large 

and iaply that the presence of fast excited atoas aust be taken 

into account in the upper ataosphere, particularly under auroral 

conditions where dissociative excitation plays a aajor role. 

B. Qround Based Ohservations. Rocket and Satellite Keasureaents. end 
Aeronof Calculations 

11« Optical Interfsroaeter Studies of Bariua Releases (M.A. Biondi) (Task g). 

The observations of neutral barlua spectral line profiles 

and intensities obtained in Alaska in 1969 and in Florida in 1971 

yield inforaation on the initial photoionitation history of sunlit 

bariua clouds. During the report period, a fairly siaple coaputer 

prograa dealing with the tiae history of ten "species" - 6 states 

of neutral bariua^the bariua ion (electron), and bariua oxide - has 

been developed which includes relevant populating and depopulating 

aechanisas for each of the "species". Radiation transport effects 

are neglected in this approxiaation. The qualitative features of 

soac of our interferoswter obser «rations of the neutral bariua 

behavior are reproduced when values for the relevant atoaic collision 

rates, such as those postulated by G. Best, are used. The coaputer 

code appears useful for fixing allowable values for soae of the key 

reaction rates. 

12. Optical Photometer Studies of Nightglow Ionospheric Modification». 
(M. A. Biondi) (TaskTTr 

Using our observations of the »6300 intensity transients 
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induced in the P-region of the ionosphere by the turning on and off 

of a 1.6 Mr ground-beted trensaltter ve heve been able to detendne 

the in-titu lifetiae of the 0( lD) atoaa as a function of altitude 

over the range 223-300 km.    The natural lifetiae (^110 sec) of the 

0( lD) state is reduced by >. quenching at these altitudes. Using 

a aodel ataospbere for the B« density, ve obtain a value for the 

quenching coefficient, k   . - (5 t 2) x 10"  ca3/sect independent 

of altitude. This value is in excellent agreeaent with laboratory 

values. 

13. Measurement of the Ionised and Neutral Constituents of the Afosphere 
(T.M. Donshue and E.J^. ZipfT (Task h). 

Ve continue vith our snalyslr of tvo hi^ily successful 

sounding rocket studies of the transient ionosphere. The instruasntation 

on board both vehicles included a quadrupole mass spectrometer that 

measured the local ion and neutral composition of the upper atmosphere, 

tvo hemispherical analysers for measuring the photoeleetron energy 

distribution in the davn and twilight ionosphere, a cylindrical probe 

for electron temperature and density measurements, and a planar total 

positive ion probe. These particle experiments were complemented by 

a 1/U-meter Ebert monochromator that scanned the VUV daygiow spectrum 
e      e 

from 1150A to 1500A and six filtered photometers that measured the 

overhead intensity of a variety of airglov features. 

nie davn experiment (Aerobee 170 rocket 13.^6 UA) vas 

particularly interesting because it took place during a major solar 

flare and revealed the presence of substantial concentrations of 

0  ions in \.he P region. Thin  ion is not a /.ormal P region constituent, 

although it has been observed occasionally by high-altitude satellites. 

Our data suggest that heavy particle bombardment may be the source 
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of thl» Ion. 

By contrast our twilight experiment (Aerobee 350 rocket 

17.09 UA), which carried a pay load weighing nearly 700 lbs. to 

350 km, was perfonwd under very quiet conditions. All instruments 

on board worked to perfection and we are studying these results 

nov. 

Our analytic activities are balanced by the intensive 

preparations for our return to Fort Churchill to study the aurora 

and to attempt to verify our earlier NO observation. Two rockets 

are being prepared for this task: an Aerobee 150 and a Nike-Apache. 

Both rockets will carry a dual mode mass spectrometer equipped with 

eoaplementary cylindrical and planar probes. The Aerobee payload 

will also include a liquid nitrogen cooled l/U-aeter monochromator 

for infra-red out to 5 microns. The normal complement of visible VUV in- 

struments that we have Hown in the past are an important part of 

both payloads. 

During this same time window we are also preparing a new 

pay load that will be launched next summer from Wallops Island, Va. 

on board a Javelin rocket. We anticipate a minimum peek altitude 

of 800 km. This experiment will provide the first test of a new 

type of optical mass spectrometer which we have developed as the re- 

sult of our leboratory experiments (item lb). 

We have also embarked on a new series of rocket exper- 

iments that will be launched from Greenland in collaboration with 

the Danish Space Agency to study the unusual atmospheric conditions 

that occur in the region of the earth's magnetic cusp. This is a 

natural e* ension of our auroral and disturbed ionosphere work and 
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tlM in wry well with our laboratory »tudio« of hot «ton ehoaistxy 

(item   9 and 10). 

lU.    Diitrlbtttlon of Qw« |g tbM Maaotphoro (T.M. Doaahuo and E,C. Zlpf) 
CTaak f). 

Our analysis of 0G0-6 photoawter data continuss. A papar 

describing  01 X5577 asasureasnta is being prepared and will be 

subaitted for publication shortly. The date relating to the 

excitation of sodiua D lines and the noctilueient clouds is being 

analyzed and reviewed. 

Plena for an elaborate ■eaoapherie rocket esperiaent which 

would asasura the concentration of N.« O** 1'* 0* I'0* 0H* 02^ ^^ 

02( 
1£), HgO and CO. at 0 ragioa altitudes hare been finalised and 

portions of the pay load constructed. 

0. Theoretical Studies 

13.   Seai-Eapirical Methode for Estiaatin« Reaction Bates (B. GerJuoy end 
J.M. Bardsley) (Task e). 

(a) Our calculations of charged particle-neutral atoa 

collision cross sections using the Glauber approxiaation continue. 

The papers by Thoaas and Franco* and by Thoaas and Oerjuoy, aentioned 

in our last technical report es having been subaitted for publication, 

now have appeared. In addition, we have coapleted soae rather de- 

tailed calculations on the polarization of the radiation following 

electron excitation as coaputed in the Glauber approxiaation. A paper 

on this subject, whose initiation and activation was explained in 

our last technical report, has been subaitted for publication. Since 

our last technical report we also have published (in a Letter to the 

Editor by Thoaas, Sheorey and Oerjuoy) careful coaparisons of angular 

distributions and total cross sections for electron-hydrogen collisions 
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eoaput«d In both the Glauber aad Veinshtein approzlmtions; the 

Velnehtein «pproslaetlon has been favored by aeveral groups, including 

an atoaic collision group in Moscow, vho developed the approxiaation. 

It was found that for integrated (over angle) elastic or inelastic 

cross sections the Glauber approxiaation is at least as good as any 

of the aany (there are at least six) versions of the Vainshtein 

approxiaation, while the Glauber differential cross sections are 

■arkedly superior to the Vainshtein results. For eoaputing the 

polarisation of the radiation following electron excitation, the Glauber, 

Bom end Vainshtein are ebout equally good, and are quite close to 

the observations (by Fite and co-workers here at PASI) in the energy 

range 30 eV - 700 eV. There are sons discrepancies between the 

coaputations and observations at the higher energies (300 - 700 eV) 

aeasured, which suggest further experiasntal and theoretical work 

on these polarisations asy be instructive. As a result, a student 

(D. Brocklebank), has been assigned the task of eoaputing the angular 

correlation between the photons following excitation and the outgoing 

scattered electron, in the Born, Vainshtein and Glauber approxiaations. 

It is our hope that these predictions will be sufficiently different 

to provide (after coaparison with hoped-for observations) a very 

sensitive test of the coaparative validity of the three approxiaations. 

We are proceeding with our atteapts to extend the applicsbility 

of the Glauber approxiaation to the scattering of electrons and protons 

by atoaic systeas aore coaplicated than hydrogen. A suggested procedure 

on this extension, based on the closed fora Glauber aaplitudes derived 

and published by Oerjuoy and Thoaas, has appeared (in Physical Review 

Letters by V. Franco). However, we believe that Franco's procedure 
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■till infolTt« tmr too auch eoaputatlonal offort, and vo art eontlnuing 

to ■••k « Mthod «hieh—for thot« aoro eoaplieatod colllsloni—roqulroa 

not auch aore eoaputor tiat than do tha alactron-taydrofan Olaubar 

ealculationa. 

Wa ara plaaaad to raport that OUU,* work on tha Glaubar 

approxiaatioo vaa tha aubjaet of an Inrltad papar (by K. Oarjuoy) 

at tha Vllth Intamational Confiranea on tha Fhyalea of Ilactronie 

and Atoaie Colliaiona) Aaatardaa, July, 1971. 

(b) Tha vor on tha thaoratieal atudiaa of Ionisation and 

axeitad atata populations in Ba plaaasa continuas» but raliabla 

nuaarieal raaulta ara diaappointinfly slov, and va ara eonaidsring 

tarainating thaaa ealoulationa. 

(e) The quantua dafaet ealoulationa by V.B. Shaoray, vhoaa 

subsdssion for publication vaa asntionad in our laat TOehnieal 

Stwsry Raport, haa ^ppaarad. 

(d) A thorough raviav of tha thaoiy of rotational axeitation 

of hoaonuelaar diatoaie aolaeulaa by alov alaotrona (by E. Qarjuoy 

vith D. Ooldan, Haal Lana and A. Taakin) haa baan eonplatad and 

aeeaptad for publication by tha Raviava of Nodarn Physics. 

(a) Our atudiaa of tha affacts of potential barriara on 

tharaal colliaiona have baan concantratad on tha procaaaas leading 

to the foraation of aoleculea. Wa have ahown that the preaenee of 

a high barrier doea not neceaaarily prevent aoleeular foraation. 

Indeed in aoas eases the reaction rate aay be enhanced, aa, for 

exasvle, for CH foraation by radiatiTe association, and H. foraation 

by three-bo4y recoabination. 

(f) Our ealoulationa on dielectronic recombination inrolring 



22 

electrons and highly charged ions have been coapleted and the 

results hare been accepted for publication. We concluded that 

experiasntal studies of these reactions are feasible and would 

be useful as a check on the theory of this inportant rseoabination 

process. 

(g) Our program for calculating cross sections for 

eleetron-atoa collisions using variational techniques is being 

-eontinued. In collaboration with Drs. TUakin end Bhatia of the 

Qoddard Space Center, in Maryland, ve hare bten studying resonant 

scattering of electrons by heliun. This work, which is essentially 

coapleted, has involved extension of the theory of projection 

operators, and has giren niawrical results to eoapare with the 

experinental work which is at the forefront of high resolution 

electron collision studies. We hate obtained the physical paraaeters 

of the well-known resonance at 19.3 eV. We have strong evidence that 

scat other oscillations which have been observed in the cross section 

near 19*5 eV cannot be due to a resonance, and anst be caused by soac 

spurious experlaental offset. Ws intend to study the 19.3 eV resonance 

further, using the coaplex energy asthod, sines reliable theoretical 

results on this resonance are needed. This is because the resonance is 

used for calibrating the average energy of electron beaas, and could 

possibly also be used for studying the energy profile of high 

resolution beaas. 

Although the standard variational techniques provide the 

aost accurate mans of calculating cross sections they do not in general 

provide en estiaate of the error of a particular calculation. This is 

a serious problea in applications to large systeas. We have begun an 
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invtttlgatioa of th» mLnimm wriane« tedmlqut, «hidi not only giv»« 

an indication of th« «rror iahormt in a ttial vaw» fonetion, bat also 

givaa a «iapl« prtseription for dioooiag batwaan trial «ava ftonctiona 

of different typaa. 

(h) Our atudiaa of atoa-atoa and ion-ato« intaraetiona 

ara continuing. Wa ala to calculate the eroaa aaetiona for eharg» 

transfer and electronic excitation in LI -Li colliaiona, and hmy 

obtained the potential curtaa and interaction aatriz alaaanta needed 

in thia calculation. Wa ara nov atudjring the partial« trajaetoriaa 

and viU than solve the coupled differential aquationa «hieh govern 

the states of the atoas as they aove along thoaa trajactorlea. 

Our coaputer prograa for applying the psaudepotantial 

■tthod to the calculation of intaratoaie potentials has bean vrittan, 

but it haa not yet bean fully tested. Calculation of eleetron iapaet 

cross sections for Be ( 1% • Ca and Ba will aoon be initiated by 

this technique, and a graduate student is being trained to carry 

through thia project. 
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II. PufclicatioM and Ttchnical P*^—ntatlOM 

A. PtiblleatloM 

"Cftleulation of th« Width of larrov Shap« Itesooane«»", R. A. Boln 

wd J. I. BordsUy, to b« publiahod in J. Cbra. Pbyi. (1971)• 

"Dialoetronie Rteoribination of Hi^ily Charftd Ion«"» R. A. Bain 

and J. I. Bardalay. to ba pvbliahad in Phyaiea Lattara (1971). 

"Bhapa Raaonancaa in Ato»Atoai Colliaiona I. Radiativa Aaaoeiation"t 

R. A. Bain and J. H. Bardalay, aubaittad to J. Phya. B: Atoai. Nolae. 

Fbya. 

"Tvili^it and Ri#)ttiM lonoapharie Ta^paraturaa froa Osyftn 

A630O and A5577 Spactral Lina Profilaa"« v A- ^elbelnan, R.D. Hake, Jr., 

D.P, Siplar and N.A. Biondi.» J. Oaophja. Raa., to ba pvbliahad. 

"Planataiy Exploration Aoeoapliabaanta wd Ooala*', T. N. Donahua, 

Bar. of Qaopbya. and Spaea Bei., J». lo. 1 (1971). 

"CoMnta on tha Ixeitation of tha Oaooorooal Ha litfitgloif", T.M. Donahua, 

Planat. Spaea Bei.» to ba publiabad. 

"Aareno^r of C02 Atwapharaa: A naviavn, T.N. Donahua, J. Ataoa. Bei. 

"Uaetron Capture and Lena in Colliaiona of Heavy lone with Atonic 

Oxraan", V. L. Fite, H. H. Lo, L. Kurnreg, and R. T. Braetaann, 

to be pdbliahad in Phjra. Rev., Oeteber, 1971. 

"loraan-Alpha taiaaion Indueed by the CoUiaiooa of Uaetrona with 

Nolaeular Rjrdrofan? V. L. Fite, V. B. Kauppila, P. J. 0. Teubner 

and R. J. Oimiua, J. Chan. Phya. 22., 1670-1672 (1971). 

NThe Atoa-Noleottla Reaction D ♦ H2 -» HD ♦ H Studied by Nolaeular 

Beaaa", V. L. Fite, J. Oeddea and H. F. Krauae, to be pUbliahad. 

"Bxeitetion of a D-line Radiation in Colliaiona of Sodiun AtOM vith 

Internally Incited H2, D2 and I2
M. W. L. Fite, J. Fricke end H. F. Krauae, 

to be pvbliahad. 
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"MM» and Phast SpcetroMtiy of * V«t«r Vapor Jot**, V. L. Pit«, 

J. Prick« and V. N. Jackson, sutaittad aa a Iota to J. Cham. Phjra. 

"Lov Enarfir Elactron-Nolacul« Scattarlng bpariMnta and tha Thaory 

of Rotational Excitation", B. Qarjuogr, B. Ooldaa, I.P. Lana and 

A. TOafcin, to ba publiahad. Rar. Nod. Pteya. 

"Cooparisons of tha Olaubar and Vaiaahtaia Approxiaation far laalaatie 

Elactron-Hydroflan 8eattarinfn, S. Qarjuogr, B. K. Ihoaaa and V. B. 

Shaoray, J. Phya. B: Atoa. Mol. Phya. j^LST-^l (1971). 

"Uaa of tha Olaubar Approxination in Atoaie Colliaiooa. A Prograaa 

Report", E. darjuoy, to ba pvbliahad in tha Prooaadinga of tha 

Savanth International Coafaranea on tha Phyaiea of Blactronic and 

Atoaie Colliaiona", Aaatardaa, July, 1971 (Berth Holland Publiahara). 

"Olaubar Calculationa of Polarisation of Lyaan-a Raaulting froa 

e"-H(ls) Collision", B. Oerjuoy, B. K. Ihoaaa sad V. B. Ethaoray, 

subaitted to J. Fhya. B: Atoa. Mol. Phya. 

"Quantua defects for Ha I and Li ZIN, V. B. Shaorey, J. Phya. B: 

Atoa. Melee. Pbys., k, Lkk-kl (1971). 

"Olaubar Aaplitudea in Charted Particle Rjrdreten Atoa Collisions", 

B. K. Thoaaa and E. Oarjuoy, J. Math. Phys. 12. 1567-1576 (1971). 

"Elaatic and Inelastic Seattaring of Preteaa by Hjrdrofen Atoaa", 

Victor Pranco and B. K. Thoaaa, Pbys. ROT. A k, 9i»5-95^ (1971). 

"Water Cluster Poraation Rates of HO4, in He. Ar, Ig and 02 at 296
0Kn, 

C. J. Howard. H. W. Handle, end P. Kaufasn, J. Chaa. Phya., to 

be published. 

"Reactions of Metastable Hitreien Atoaa, C. L. Lin «id P. Kaufasn, 

J. Chaa. Phys., to be published. 



26 

"BxeitvtioB of tha CO Fourth Positiv« Band Sjratoa by Eloetron lernet 

on Carbon Noooxidt and Caibon Diozida", N.J. Nuaaa, I.J. Stone 

and B.C. Zipf. J. Chan. Pbya. }kt to.  6, 2(27  (1971). 

"Daactivation of I, A3!^ Nolaeulca in tha Aurora". T.M. Donahue, 

I. C. Zipf. and D. E. ShaMnaky, Trans. AOÜ. 52, 309 (1971). 

"Diffaxential Electron Flux as Dstandnad by Auroral Obserratlons 

of tha E2 Poaitita and E^ 8ystanB
tt, D.E. ShaMnsky. T.M. Donahue, 

and E.C. Zipf, Trans. A0Ü, 12. 30$ (1971). 

"Excitation of the 0l(38) and 01( 58) States by Electron lapaet ca 

0 and 02 in tha Aurora". E. C. Zipf, E.J. Stone, N. J. Nmsa, W«C. 

Wells end W. L. Borst, Osgrglov end EIUV, Trans. AOU, 52. 308 (1971). 

"Deactivation of Eg A3!^ Molecules in the Aurora". D. E. Sheaansky. 

E. C. Zipf, and T. M. Donahue, Planetary Space Sei., in press, (1971). 

"Excitation of the 0I(3S) and ElC^P) Resonance States by Electron 

lapaet on 0 and E", E.J. Stone and B.C. Zipf, Phys. Rev. A k, 610 

(1971). 

"Eon-TherMl Rotational Population of the (»(A1«) State Produced 

by Diasociatlva Excitation of COg by Electron lapaet". M.J. Nuaaa. 

E.J. Stone and B.C. Zipf, Proceedings of the Seventh International 

Conference on the Physics of Electronic and Atoale Collisions, p. 856 

Berth Sollend Publiahinff Coapaoy. AMterdaa, (1971). 

"Production of Enerfttic Lont-Lived Higb-Rjrdberg States of Atoodc 

Bitrogsn by Electron lapaet Dissociation of Eg", V.C. Wells, W.L. Borst 

and B.C. Zipf, Proceedings of the Seventh International Conference on 

the Physics of Electronic end Atonic Collisions, Berth Holland Publishing 

Coapony, p. 576, Ansterdan (1971). 

"Excitation of the Werner Bends of Hg by Electron lapaet", E.J. Stone 

end B.C. Zipf, subaltted to the Physical Rsviev (1971). 
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"Elaetron-I^aet Excitation of litrlo Oxid»", I. J. Stono aod 

I. C. Zlpf, svtaittod to J. Chrau Phyi. (1971). 

"Tho Auroral Intontlty Ratio of 0I(6300A) and Ol(5577A)w
t 

T. 0. ParkiMon «adE. C. Zlpf. Plaaot. Spae« Sei., !&,   267 (1971). 

B.    Tochnieal ProtontatloM 

"R«ton«Bt Scattorlag la Atoaie Phyalet", J.I. Bardtloy, Soalaar talk 

at th« Unl^orslty of Coonoctlcut, ttagr 13, 1971. 

"Atoaic Collitioa Studios of RtloToaeo to Ploaotaiy Ataoophort* 

and Intor-Stollar Spoeo", J.H. Bardaloy, Soaiaar talk at Hanrard 

Colltft Obsonratoiy. Nigr lU, 1971. 

"notoaaat Statot:   Their Calculation end SicDificoaco", J.I. Bardalcjr 

and R. A. Bain, papor at tho Sovrath latonational Conforaaeo en tho 

Phydes of Electronic and Atoaic Collislona (ICPIAC), Aastardaa, 

July 30. 1971. 

"Racoabiaation of Elaetrona vith Poaitlta lona of tha H30
4>*(H20)|| 

Sariaa". Inritad paper praaentad hy R. Johaaan at tha 008PAR 8jm- 

poaiua on tha D and E Regipns of tha lonoaphere. Urbaaa. Illiaoia. 

"PoaltlTt Ion Chaaiatiy of the D aal E Ragioaa". raviav paper 

presented hy T. N. Donahue at the Sjr^oalua on D and B Region Ion 

Chaaiatiy. UhiTeraity of Illiaoia. July 6-8. 1971. 

"lonoaphere. D and E Region", T. N. Donahue, invited paper at the 

lUGO General Aaaaably, 1971, Seattle, June 16-21. 

"The Teaperature Dependence of Diaaoeiative Ionisation of CO«", 

V. L. Pita, invited paper at the Seventh International Conference 

on the Physics of Electronic end Atoode Colliaiona, Aasterdaa, 1971. 

"Raaetlve Scattering of Ba by 0^ In a Croesed Beea Eqperlatnt". 

V. L. Plte, Seventh International Conftrence en the Physics of 

Electronic and Atoaic Collisions. Aasterdaa. 1971. 
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"Ihcnal EiMrgjr R««etloot b*tir««n 10 Ions aad Nttal AtoMiM, 

V. L. Pit«, invited paptr at th* OASA Rltfi Altitud» Ruelear 

Efftcti SyapoaivB, Stanford ftesenreh Institut«» 8«ptMfc«r, 1971. 

"Applieationi of Olmfcor Ihooxy to Atoaie CoUäsiona", E. Oorjuqr, 

Srainnr, Louisian» State Itaivenity, Mtgr 11, 1971. 

"Applientiont of Olatfber Theory to Atoale CoUisioBa", B. Oerjuogr, 

Seainnr, Sandln Laborntorl?«, Albuquerque, I. Ntxico, May 13, 1971. 

"Applications of Olariber Theory to Atonic CollisionsN, I. Oerjuoy, 

Seainar, ttoivsrsity of California, San Diefo, California, Msy ll», 

1971. 

"Applications of Glauber Theory to Atonic Collisions", E. Oerjuoy, 

Sealnnr, ttalTsrslty of California, Boxkeley, California, Nay 17, 1971. 

"Applications of Glauber Theory to Atoaic Collisions", E. Gerjuoy, 

Seainar, Indlann Uhiversity, Blooaington, Indiana, Msy 20, 1971. 
< 

"Use of the Olatiber Approxination in Atoaic Collisions. A Progres 

Report", E. Gerjuoy, invited paper. Seventh International Conference 

on the Physios of Electronic and Atoaic Collisions, Aasterdaa, 

July, 1971. 

"Gas Phase lon-Noleeule Reactions Involving Water", P. Kauften, 

Colloquiua, Rational Bureau of Standards, Gaithersburg, Nd., 

April 8, 1971. 

"HO« Pluoreseence and 0 ♦ RO Cheailuaineseence", P. Kaufaan, 

Seainar, Georgetown University, Washington, D.C., April 8, 1971. 

"Gas Phase Hydrogen Aton Rsconbination", P. Kaufaan, Seainar, 

Physical and Inorganic Group, Aaerican Cheaical Society, Pittsburgh, 

Pa., My 19» 1971. 
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"Production of Bnorgotlc Loog-LiTod Hltfi-l^rdborg Statos of Atoale 

Hitroftn by Eltetron lapoet DlMoelatlon of l2 , V. C. Wolla, 

W. L. Bont and I. C. Zipf, Proeoodlngo of tho Sovoath Intonuttioaal 

Confortnce on tho Pharsies of Eloetronle and Atoale Colllaiona, 

North HoUand Publiahing Co. (AMtardaa, 1971) p. 576. 

"Hon-Thexml Rotational Population of tho COikln) Stato Prodiycod 

by DistoeiatiTt Excitation of CO« by Bloetroa lapaet*', Procoadinga 

of the Savaath Intamational Confaranea on tho Physica of Uaetronie 

and Atoade Colliaiona, Vorth Holland Co. (Aaatardan, 1971) p. 8$8. 

C. Othar ActiTitiaa 

J.H. Bardalay and B. R. Junkar hava eontinuad tha collaboration 

vith tha Ooddard Space Cantar'a group for lhaoratical Studiaa, 

and hava aada aavaral viaita to Waahiagton for eonaultationa. 

M.A. Biondi participated in Secede Suaaar Study at Albuquerque» 

R.N. in July, 1971. 

N.A. Biondi participated ia the Ivory Coral Technical Planning 

Nteting at Albuquerque, H.N. in Auguat, 1971. 

N.A. Biondi participated aa a wafcer, Adriaory Coaaittae on Physics 

of the National Science Foundation in April, 1971. 

T.N. Donahue, Trustee, Upper Ataoaphere Research Corp. 

T.N. Donahue participated in the Outer Planets Study at Woods 

Hole, Mass., August 1971. 

T.N. Donahue, Nsaiber, Science Steering Group for Outer Planets 

Nission. 

T.N. Donahue, Ncatoer, Adrisoiy Panel, for Ataoapharic Sciences, 

DlTision of Environasntal Sciences, Rational Science Foundation. 
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V.L. Pit« • eo-mthorlnc • chapter of the SA8A Reaction Bat« 

Handbook «ntitUd "Hitfi En«rar H«avy Particl« OoUisiooa", 

vith A. W. Ali and J. Or««n«. 

V.L. Pit« attended Mating of Reaeareh Adriaory Coaadttee for Office 

of Advanced Reaeareh and Technology at RASA. 

P. Kauften vaa invited to attend an AROD Raviev "Gaaeoua Interactiona 

and Plaaaa Phyaica", at El Paao, Texaa on April 21 and 22, 1971 

and chaired one of ita technical aeaaiona. 

P. Kauffcan vaa outaide exaainar at the Ph.D. theaia exaalnation of 

Mr. Georga Spindlar at York UniTeraity, Toronto« on Ntgr 3* 1971. 

P. Kauflun attended a technical atating on ultraviolet eaiaaion 

at the Inatitute for Defenae Analytea on July 27» 1971. 

P. Kaufiaan vaa an invited aMaber of the ad hoe Panel on the (R0 )-Osone 

Pröblea of the Rational Acadtay of Scienc t x July 29» 1971. 

P. Kauffcan attended the ORA High Altitud« Ruclaar Rffacta Syapoaiia 

at the Stanford Reaeareh Inatitute on Auguat 10-12, 1971. 

P. Kaufkan vaa invited to attend the Qeneral Notora Syapotiiai on 

Baiaaiona fron Continuoua Coribuation S]rateM at Varran, Michigan 

on Septerifter 27 and 28» 1971» and to be the diacuaaor of one of ita 

papera. 

P. Kauften attended Metinga of the Executive Coaaittee of the Pittaburgh 

Section of the Aaeriean Cheaical Society on June 28 and September 8, 

1971. 

III. Viaitina Scientiata 

Dr. David Spence, Argcnne Rational Laboratory 

Profaaaor Ugo Pane» Uhiveraity of Chicago 

Dr. R. Schoan, Rational Science Povndation 



Profnsor Dr. J. Klttnakar, ION Uboratory for Atoale and Nolceular 

Phyties, AmUrtom, 

Dr. M. r. R. Mulcihy, CSIBO. Chatsvood, H.8.W., Avwtndia, 

S«ptMb«r 3, 1971. 

Dr. Rdbart SehMfftr, JohM Hopkins UtalTvnity. 

IV.   Dap— itarardad 

D.P. 81pl«r, Ph.D., teptMbar, 1971« 

B. Outathar, Ph.D., Saptaribar, 1971» 

R. MiaMD, Ph.D., Saptaabar, 1971. 

L.N. Clendanning, Ph.D., August, 1971. (Suibjact to raTialona in thaaia). 

E.J. Stona», Ph.D., Tuna, 1971. 
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Senior In-vtstipptor Bat. Funda Espandad and Cn—ittad (Thouaanda) 

J. 1. terdslay 22.1 

N. A. Blondi 278.8 

T. N. Donahue 25k »0 

V. L. Fit* 262.2 

E. Oorjuogr 253.4 

F. Kauften 264.6 

E. Zlpf 260.4 

Total Expandad and CoMittad 1,595.5 

Availabla Funda 1,64?.? 

Eatlaatad Raaainini Funda 
aa of 10/1/71 J*.* 

Expanded aa of 9/30/71 1,586.9 

Avallabla Funda 1,64?.? 

Raaaininc Funda aa of 10/1/71 ^3.0 


